ABSTRACT Ostrich (Struthio camelus) production is a relatively young industry and there has been little research on ostrich welfare during pretransport handling and the transportation process. A heavy body with a high center of gravity makes ostriches' handling and transportation problems different from other livestock. The main objective of this study was to investigate the effects of the pretransport holding time duration on ostrich behavior and physiological responses. A second objective was to identify and validate behavioral indicator(s) that could be used to identify stressed birds during pretransport handling. Prior to shipping, twenty-four 2.5-yr-old ostriches were moved into a holding pen. Birds were then individually restrained, hooded, and walked from the holding pen (approximately 12 min/bird) to a sampling pen (visually isolated from the holding pen) where they were weighed and a 10-mL blood sample obtained. A second blood sample was taken from each bird after a 1,100-km transportation. Blood samples were analyzed for concentrations of blood metabolites, enzymes, corticosterone, and white blood cell and differential counts. Behavioral responses and physical damages of ostriches were also recorded before and after transport. Results indicated that birds that spent longer time in the pretransport holding pen had higher pretransport plasma concentrations of aspartate aminotransferase, alanine aminotransferase, sodium, and packed cell volume. Immobile sitting behavior, observed in 5 out of the last 11 birds handled, was positively correlated with higher pretransport handling stress, higher posttransport aspartate aminotransferase, alanine aminotransferase, creatine phosphokinase, and glucose concentrations, and transport losses. Knowledge of pretransport handling impacts on ostrich stress and availability of behavioral indicators (e.g., immobile sitting response) could be used to improve handing processes, thereby decreasing potential weight loss, injury, and mortality.
INTRODUCTION
Ostrich (Struthio camelus) production for meat, oil, and leather is a relatively young industry in North America, and there is limited published information about ostrich behavior and welfare during the handling and transportation process. Features of the ostrich anatomy, specifically a heavy body with a high center of gravity and only 2 toes on each foot, may introduce unique problems (e.g., maintain balance inside the moving vehicle) compared with the transportation of other poultry and livestock species.
In Canada, ostrich producers must have their birds processed in a registered and inspected processing facility to be able to sell the meat to the retail sector. Although there are a few red-meat processing plants that have the facility to slaughter ostriches, very few of them are willing to interrupt regular operations and change the processing lines to process a few ostriches. Ostriches usually have to be transported to a processing plant far from the farm to be slaughtered. As a result, the transportation process is one of the main factors compromising ostrich welfare (Mitchell, 1999) .
The transportation process can be divided into 5 stages: pretransport, loading, transportation, unloading, and posttransport, with multiple factors affecting the welfare of birds at each stage (Schaefer et al., 2001) . This study will focus on pretransport handling because it is one of the major stress factors in the transportation process (Knowles and Broom, 1990) and can affect the welfare of slaughter animals as well as the quality and quantity of their products.
The implementation of Farm Animal Welfare Council's (1979) 5 freedoms is necessary for the provision of basic animal welfare. To achieve these 5 freedoms, a holistic (both physiological and behavioral responses) assessment of stress is required to provide a more complete evaluation (Gross and Siegel, 1983; Barnett and Hemsworth, 1990; Grandin, 1997; Mitchell and Kettlewell, 1998) . Behavioral and physiological stress responses may be intercorrelated or they may give contradictory information (Dantzer and Mormède, 1983; Dawkins, 2003) , and examining only physiological responses or only behavioral responses may not provide sufficient information about the welfare of animals. Observed behavioral responses should be validated by measuring physiological responses of animals to confirm that they indicate stress (Grandin, 2010a) .
It is a common practice in the industry to transfer the birds to a smaller-sized pretransport loading facility close to the loading gate and to keep the birds there for a few hours (or days) before transporting them (Canadian Ostrich Association members, Red Deer, Alberta, Canada, personal communication). Pretransport handling stress can be caused by many stress factors such as restraining birds, hooding, separating them from their pen-mates, mixing them with unfamiliar birds, holding them in an unfamiliar pretransport smaller size loading pen, novelty routine, and handlers' presence. Most of these stress factors are difficult or impossible to quantify and some intercorrelate with others. The main objective of this study was to investigate the effects of the pretransport holding duration (as a quantifiable pretransport handling stressor) on ostrich behavior and physiological responses. Pretransport holding duration is defined as the amount of time a bird spent in the holding pen before it is moved to the sampling pen (see Materials and Methods). It is not a primary trait, but it is used as a marker trait because it is easily quantifiable.
The second objective of the study was to identify and validate behavioral indicators that could be used to identify stressed birds during pretransport handling. Because producers do not have the resources and expertise to measure physiological stress responses, validated behavioral indicators are practical for identifying highly stressed birds (Grandin, 2010a) .
MATERIALS AND METHODS

Handling, Sampling, and Transport Process
This research was conducted under the University of British Columbia Animal Care guidelines (certificate A11-0110) utilizing a routine transportation by an ostrich farm in Alberta, Canada, in October 2011. Twenty-four 2.5-yr-old ostriches (12 males and 12 females) that were hatched and raised at the same farm under the same management and feeding program were monitored for the study. The day before the transportation, 38 ostriches (24 experimental birds + 14 nonexperimental birds) were transferred from their home pens to a smaller-sized holding pen (36 m 2 ) with access to feed and water. The 14 nonexperimental same-age ostriches were transferred to the holding pen with the experimental birds to minimize isolation stress to the experimental birds. The experimental birds were then individually restrained, hooded (a cut-off cotton shirt sleeve over the head and part of the neck, blocking vision but allowing the bird to breathe without obstruction) and walked to a sampling pen (30 m 2 , next to the holding pen but physically and visually isolated). The sampling procedure (see below) took approximately 12 min per bird. The birds were sampled sequentially. As a consequence, the first experimental bird spent only 13 min in the holding pen and the last experimental bird spent 279 min in the holding pen before being moved to the sampling pen. The 14 nonexperimental birds were kept in the holding pen during this time so that even the last experimental bird processed was not alone in the holding pen.
In the sampling pen, pretransport blood samples were taken within 3 min of restraining (10 mL of blood into lithium heparin Vacutainer Plus blood collection tubes, BD Vacutainer, Franklin Lakes, NJ) from the wing vein and birds were weighed. Upon completion of the sampling procedure, hoods were taken off and birds were released in a close by larger familiar pen (physically, visually, and auditorily isolated from the holding and sampling pen) to reduce their stress levels. All birds (including the 14 nonexperimental birds) were loaded the following morning onto one vehicle and shipped from a farm in Alberta to another farm in British Columbia 1,100 km away (18 h of driving). A modified livestock transportation trailer with one deck divided into 3 compartments was used. The experimental birds were randomly distributed in the 2 compartments closest to the truck, while the nonexperimental birds were placed in the rear compartment. The density of birds inside the trailer was about 0.5 m 2 per bird as recommended by South African Ostrich Business Chamber (2011) and Animal Health Australia (2012). A posttransport blood sample was then obtained from each experimental bird along with the BW around noon at the destination farm. The posttransport sampling procedure took about 5 min per bird. The birds were sample sequentially as they were unloaded and the last bird was sampled 110 min after the first bird.
For both pre-and posttransport sampling procedures, experimental birds (referred to as birds from now on) were calmed by hooding. Ostriches are large and dangerous animals and can cause considerable injuries to themselves and to their handlers. Three handlers were needed to safely handle the birds throughout the preand posttransport handling process.
Behavioral Observation
The behaviors of each bird were recorded at different stages of the handling and transport process by the first author. Individual behavioral monitoring (continuous) started in the pretransport holding pen 90 s before restraining the bird, continued throughout the handling procedure (i.e., blood sampling and weighing) in the sampling pen (about 5 min/bird), and ended 90 s after the sampling process. The observations were recorded in the evening by the observer less than 4 m away from the bird using an ostrich behavioral response classification modified from Deeming and Bubier (1999) and Minka and Ayo (2008) . The events monitored included standing, walking, running, sitting, eating, drinking, pecking at different objects (except food/water), falling/slipping, vocalization, fighting/aggression, kicking, and jumping.
Some birds exhibited an immobile sitting behavior with necks held stiffly upright and eyes open when handled in the pretransport sampling pen (note: not in the holding pen). For these birds, the responsiveness or nonresponsiveness to the handling practices and environmental stimuli (e.g., removing hood) was also recorded during the handling process. A bird would be classified as displaying immobile sitting if it would remain in this posture and not responsive to the handlers' initial attempt to get it up for more than 2 min.
A generic wired infrared camera was also installed at the height of 2 m from the deck to provide a view of the birds inside the trailer. Individual birds were not identified, but the group behavior of the birds was recorded throughout the transport for later screening.
Pre-and Posttransport Physical Condition
Each bird was examined for any physical damages before and after transport. Bruises were visually assessed by a single observer (the first author) in terms of the size and color (slight, medium, and heavy), and location (neck, fore-chest, ribs, back, thigh, leg, foot, wing, and tail area) based on a scale adopted from the Australian Carcass Bruises Scoring System (Anderson, 1978) . Underlying tissue bruises were not considered (Strappini et al., 2009 ) because monitoring was done on live birds. Severity and location of feather losses (neck, fore-chest, ribs, back, thigh, foot, wing, and tail area), and swollen foot/wing problems were assessed with size and location of the damage. Photographs were also taken of the physical damages of each bird, and these photographs were later scored by a second person to confirm or adjust scores assigned on live birds by the observer.
Blood Sample Analysis
Blood samples were analyzed by a multichannel chemistry analyzer (Olympus AU 5431, Olympus, Center Valley, PA) to determine the concentrations of metabolites (e.g., glucose, sodium) and enzymes [aspartate aminotransferase (AST), alanine aminotransferase (ALT), and creatine phosphokinase (CPK)]. Blood smears were made immediately after blood sampling for WBC differential counts to calculate the heterophil to lymphocyte (H:L) ratios. Packed cell volume (hematocrit) was measured by centrifuging blood in microhematocrit tubes. Plasma corticosterone concentration was determined by Corticosterone ELISA kit (ADI-900-097, Enzo Life Science, Farmingdale, NY).
Statistical Analysis
Observations and sampling procedures were conducted on individual birds in this study. Because of logistical limitations, it was not possible to replicate the study. Recently developed statistical models of ANOVA with repeated measures (Schank and Koehnle, 2009 ) that would compensate the effect of pseudo-replication were therefore used to allow us to use individual birds as experimental units and still obtain unbiased results. All analyses were conducted using the PASW Statistics software (PASW Statistics Grad Pack 17.0, release 17.0.2., SPSS Inc., Chicago, IL), and a significance level of 0.05 was used for all tests. All model assumptions were evaluated and met before interpreting model results.
To investigate the effects of the pretransport handling stress, linear models (equation [1] ) were fitted using selected plasma metabolites as response (output) variables and pretransport holding time (in min) as the predictor variable (n = 24). Because of the possible effect of the pretransport BW on the plasma metabolites, pretransport BW of the ostriches (in kg) was also included in the models resulting in the following equation:
(response variable) i = intercept + β 1 (pretransport weight) i + β 2 (holding time) i + ε i , [1] where the intercept, β 1 and β 2 are parameters to be estimated; weight is in kilograms and time is in minutes; i is the observation (i.e., bird) number; and ε i is the residual error. Each model was fitted using the GLM procedure. Initially, sex was also considered as a predictor variable. However, our preliminary results indicated that no differences in response variables between males and females, similar to other ostrich studies (Levy et al., 1989; Hoffman et al., 2012) . Therefore, sex was not included in the model. Also, the predictor variables were dropped from the model if not significant. As a further indicator of stress, the change in weight between pre-and posttransport was examined using equation [1] . One highly influential case was identified in the corticosterone concentration based on calculated Cook's distance and standardized DFBeta and it was removed (Field, 2005, p. 165-166) .
Recorded behaviors were summarized over all birds (n = 24). As noted, some birds exhibited an immobile sitting behavior that may indicate a pronounced stress response. Therefore, the pre-and posttransport plasma metabolite concentrations of birds were compared between birds that displayed this immobile sitting behavior versus those that did not. For this purpose, a linear model was used (GLM procedure) to conduct a repeated measures ANOVA (n = 20 birds for the blood metabolites, and n = 22 birds for the weight change), separating within subjects effects (i.e., within birds, sampling time at 2 times: pre-or posttransport) from between subjects effects (i.e., between birds, immobile sitting behavior in 2 levels: yes or no). Marginal means and SE were calculated for combinations of the 2 factors where the interaction between sampling time and immobile sitting behavior was significant. In that case, 2 least squares difference post hoc tests were also used to test for differences between birds that displayed the immobile response versus those that did not for pretransport measurements and for posttransport measurements, separately, using a Bonferroni adjustment to control the overall significance level. Where interactions were not significant, marginal means and SE were calculated for the main effects of sampling time (pre-or posttransport) and immobile sitting behavior (yes or no) separately; because there were only 2 levels of each factor, no further tests were needed.
Finally, recorded physical damages were separated into birds that exhibited the immobile sitting behavior (n = 5) versus those that did not (n = 19). The Pearson correlation was used for continuous variables and the phi correlation was used for dichotomous variables to evaluate the relationships. The chi-squared contingency table test was used to test the independence of 2 binomial variables.
RESULTS
Behavioral Response of Ostriches During Pretransport Handling
All birds were standing or walking inside the holding pen before being restrained and hooded. None was observed sitting, vocalizing, running, falling, jumping, kicking, fighting, feeding, or drinking in the holding pen before the beginning of the handling procedure (food and water were available in the holding pen). When handlers approached a bird to restrain and hood it, the bird would try to escape by running inside the holding pen, jumping, or kicking the handlers. After being hooded, it would calm down (in less than 1 min) and could be walked to the sampling pen without resistance.
The first 13 birds were hooded, calm, and standing during the whole handling procedure in the sampling pen. Blood samples were taken immediately after bringing a bird to the sampling pen, and then the bird was walked (still hooded) to the scale to measure its weight in the sampling pen. However, 5 birds (2 females and 3 males) among the last 11 birds displayed an immobile sitting behavior after being brought to the sampling pen. This behavioral response happened at the latter half of the handling procedure and the hypothesis was that it was correlated to handling stress. Results showed that time spent in the holding pen differed for birds that displayed the immobile sitting behavior (217.2 ± 34.1 min) versus those that did not (136 ± 81.7 min; t 16.73 = −3.35, P = 0.004, t-test for unequal variances). However, the immobile sitting behavior was not affected by the sex of the birds (χ 2 = 0.25, P = 0.61). Birds that exhibited the immobile sitting behavior were up and moving around once they had resumed standing and were not observed to exhibit this behavior again.
Effects of the Pretransport Handling Stress and the Immobile Sitting Behavior on Physiological Stress Parameters
Of the 19 birds that had not displayed an immobile sitting behavior during pretransport handling, one died being trampled by other birds in the compartment during transport. Of the 5 birds that displayed the immobile sitting behavior during pretransport handling, one suffered a broken tendon during transport. Posttransport blood sample could not be obtained within 3 min of restraining from 2 dehydrated and weak birds (one from each behavioral response groups). As a result, whereas the pretransport regression model was fitted using all 24 birds, the repeated measures ANOVA were obtained using 20 birds for the blood metabolites and 22 birds for the weight change.
BW. Weight loss (in kg) was calculated by deducting posttransport weight from pretransport weight for each of the 22 birds weighed. The pretransport holding time did not affect the weight loss of birds and the model was refitted without pretransport holding time. The relationship with pretransport BW was significant (Table  1 , F 1,20 = 5.201, P = 0.034). Heavier birds lost more weight during the handling and transportation, and each kilogram of heavier pretransport weight resulted in 55 g of greater weight loss.
Posttransport BW of all birds (74.8 ± 3.2) was significantly (F 1,20 = 553.63, P < 0.001) lower than their pretransport BW (84.5 ± 3.4). There was no difference between the posttransport BW of immobile birds and nonimmobile birds.
Plasma AST Levels. The pretransport plasma AST levels were not affected by pretransport BW, and the model was refitted without pretransport BW. The relationship with pretransport holding time was significant (Table 1, F 1,22 = 7.19, P = 0.014). Using this model, birds which were kept for a longer time in the pretransport holding pen (i.e., experienced higher handling stress) had higher pretransport plasma AST levels, and each minute of pretransport holding time increased the AST level by 0.32 IU/L (Figure 1 ).
There was an interaction between immobile sitting behavior (present or absent) and sampling time (preversus posttransport sampling; Table 2 ; F 1,18 = 11.85, P = 0.003). Pretransport AST levels of immobile birds and nonimmobile birds did not differ significantly (F 1,18 = 1.866, P = 0.189), but birds that displayed an immobile sitting behavior had higher posttransport AST levels compared with nonimmobile birds (F 1,18 = 12.89, P = 0.002).
Plasma ALT Levels. Both predictor variables (pretransport BW and pretransport holding time variables) contributed to the model (Table 1 , F 2,21 = 5.73, P = 0.010); heavier birds had higher ALT levels, and birds that were kept in the pretransport holding pen for a longer time also had higher ALT levels. As a result, each kilogram of increase in BW increased the ALT level by 0.098 IU/L if holding time was held constant, and each minute of longer pretransport holding time increased the ALT level by 0.016 IU/L if BW was held constant in the fitted model.
There was an interaction between immobile sitting behavior and sampling time (Table 3 ; F 1,18 = 13.80, P = 0.002) on ALT levels. Pretransport ALT levels were not different between immobile birds and nonimmobile birds (F 1,18 = 1.616, P = 0.220), but immobile birds had higher posttransport ALT levels compared with the nonimmobile birds (F 1,18 = 15.14, P = 0.001).
Plasma CPK Levels. Pretransport CPK levels were not affected by BW or pretransport holding time (F 2,21 = 1.98, P = 0.163). However, there were positive correlations between the pretransport AST and CPK levels (controlling for the pretransport holding time; r = 0.44, P = 0.036), and between the pretransport plasma CPK level and pretransport holding time (r = 0.38, P = 0.035).
An interaction was found between immobile sitting behavior and sampling time on the CPK levels (Table  4 ; F 1,18 = 18.37, P < 0.001). Pretransport CPK levels were not different between the immobile birds and nonimmobile birds (F 1,18 = 2.097, P = 0.165), but immobile birds had higher posttransport CPK levels compared with the nonimmobile birds (F 1,18 = 18.76, P < 0.001).
Plasma Sodium Concentration. Pretransport weight and holding time variables were both significant (Table 1 , F 2,22 = 6.82, P = 0.005). Heavier birds had lower pretransport plasma sodium concentrations. Each kilogram heavier in pretransport BW translated to 0.089 mmol/L less in pretransport sodium concentration if holding time was held constant in the fitted model. Keeping birds for a longer time in the pretransport holding pen increased their pretransport plasma sodium concentrations, and each minute longer in the holding pen increased the concentration of the pretransport plasma sodium by 0.019 mmol/L if BW was held constant (Figure 2) . There was an interaction between the immobile response and the sampling time on sodium concentrations (Table 5 ; F 1,18 = 6.79, P = 0.018). Pretransport sodium concentrations were not different between the immobile and nonimmobile birds (F 1,18 = 0.572, P = 0.459), but immobile birds had lower posttransport sodium concentration compared with nonimmobile birds (F 1,18 = 12.74, P = 0.002).
Packed Cell Volume. Pretransport packed cell volume (PCV) was significantly affected by BW and pretransport holding time variables (Table 1 , F 2, 21 = 6.97, P = 0.005). Overall, each kilogram heavier in the pretransport BW increased the pretransport PCV by 0.099% when holding time was held constant, and each minute of pretransport holding time increased the PCV by 0.013% if pretransport BW was held constant (Figure 3) .
The mean pretransport PCV was 43.6 ± 0.8%. Repeated measures ANOVA test did not detect any interactions or main effects for PCV.
Plasma Glucose Concentration. Differences in the pretransport BW of the ostriches and their pretransport holding time did not significantly affect their pretransport glucose concentrations (F 2,21 = 0.842, P = 0.445).
There was an interaction between the immobile response and the sampling time on the glucose concentrations (Table 6 ; F 1,18 = 5.78, P = 0.027). Pretransport glucose concentration was not different between immobile and nonimmobile birds (F 1,18 = 0.084, P = 0.775), but immobile birds had higher posttransport glucose concentration compared with the nonimmobile birds (F 1,18 = 5.10, P = 0.036).
H:L Ratio. Differences in BW and pretransport holding time did not affect pretransport H:L ratios (F 2,21 = 0.421, P = 0.662).
Posttransport H:L ratio of all birds (9.1 ± 1.5) was significantly (F 1,18 = 16.96, P = 0.001) higher than their pretransport H:L ratios (2.9 ± 0.5). There was no difference between the posttransport H:L ratios of immobile and nonimmobile birds. Plasma Corticosterone Concentration. The mean pretransport plasma corticosterone concentration was 5.4 ± 1.1 ng/mL. Neither pretransport holding time nor immobile sitting behavior affected plasma corticosterone concentration. Pretransport BW affected the pretransport plasma corticosterone concentration (Table 1 , F 1,22 = 10.546, P = 0.004). Heavier birds had lower corticosterone concentrations, and each kilogram of heavier weight resulted in 0.162 ng/mL lower corticosterone concentration.
Physical Condition of Ostriches During Transport With Relationship to Their Pretransport Immobile Sitting Behavior
Body damage scores were assigned to all birds (n = 24). None of the birds had any bruises, swollen wing/ foot, or obvious feather losses before transport. However, 16 birds had one or more of these problems after transport. Birds which displayed the pretransport immobile sitting behavior had more bruises (in their neck, back, and wings) and feather losses (in their neck, back, fore-chest, ribs, and wings) compared with the nonimmobile birds (Table 7) .
Observations of the behavior of ostriches inside the trailer during transport showed that none of the birds displayed the immobile response. They fell down because of sudden movements of the trailer or pushing by other birds. When they fell down and failed to get back on their feet immediately, they would be trampled by other standing birds and suffered back feather loss.
A correlation test between the posttransport back feather loss and the pretransport immobile sitting behavior showed that all pretransport immobile sitting birds had back feather loss (φ = 0.61, P < 0.01). There was no significant difference between the frequencies of the posttransport swollen foot problem in 2 differ- Correlation between body damages and immobile sitting behavior.
*P < 0.05, **P < 0.01, ***P < 0.001. ent behavioral groups. For unknown reasons, swollen right wings were more common (φ = 0.49, P < 0.05) in birds that displayed pretransport immobile behavior than those that did not.
Effects of the Posttransport Handling Time on Physiological Stress Parameters
There was no significant effect of posttransport handling time on any of the physiological stress parameters measured.
DISCUSSION
Handling and transport is an important part of ostrich production, and this procedure is highly stressful for the birds. No previous study has examined the effect of the pretransport handling stress on the physiological and behavioral responses of ostriches. This study was conducted under real transportation conditions to identify welfare problems in the current handling and transport practices and to provide information that would help to improve the handling practices and welfare of the birds. We investigated the effects of pretransport holding time on the physiological and behavioral stress responses of ostriches. As well, we hoped to find and validate behavioral response(s) that could be used by producers and handlers to identify birds experiencing higher stress levels. Collectively, information on impacts of handling stress and a validated behavioral response indicator of stress would provide producers with information needed to alter procedures, thus reducing transportation stress and losses.
Even though there was no replication for the study, the use of repeated measures ANOVA and advanced statistical analyses allowed us to obtain unbiased results (Schank and Koehnle, 2009) . Furthermore, results of the related studies on ratites and other livestock handling and transport were compared to confirm our findings (Mitchell et al., 1996; Mitchell and Kettlewell, 1998; Mounier et al., 2006; Minka and Ayo, 2008; Hoffman et al., 2012) . Although the lack of replication can be considered a limitation to this study, we used refined statistical procedures to overcome the limitation. Without the need for replication, we were able to reduce the number of birds needed to get unbiased results.
We were not able to separate or quantify the effects of different pretransport handling stress factors. We therefore have to use pretransport holding time duration, the only quantifiable parameter, as a marker to reflect the effects of handling stress on physiological responses. Whereas pretransport holding time may not be the primary stress factor, it has the advantage of being easily quantifiable and correlates to behavioral and physiological parameters measured (see Results). Because there was only one shipment and we made serious efforts to standardize the environmental conditions to all birds during the transportation (Bejaei et al., 2014) , the change in physiological stress parameters should not be caused by variations of transport stress factors.
Results of our study indicated that longer pretransport holding time increased pretransport AST, ALT, sodium concentrations, and PCV levels, and heavier birds also had higher levels of pretransport ALT and PCV, and lower concentrations of sodium and corticosterone. Moreover, the immobile sitting behavior was observed mostly in the birds that were kept at the pretransport holding pen for a longer period, and immobile sitting birds had higher concentrations of posttransport AST, ALT, CPK, and glucose. Birds with the pretransport immobile sitting behavior also had more physical damages and transport losses.
Although AST is the most important enzyme indicator of liver disease, it is not a liver-specific enzyme and can be found in many tissues (Krautwald-Junghanns, 2007) . When an increase in the AST concentration is simultaneous with an increase in the CPK concentration, it is a sign of soft tissue damage/trauma (especially muscle; Krautwald-Junghanns, 2007) rather than liver damage. Janssen et al. (1989) also reported a very high correlation between AST and CPK activations during the muscle damage. In our study, high AST concentrations were also positively correlated CPK concentrations and could be a result of muscle damage (Menon et al., 2014) .
Alanine aminotransferase is ubiquitous and can be found in various cells in the body. In humans, increases in ALT concentration are usually interpreted as a liver health problem. However, Nathwani et al. (2005) reported an increase in ALT concentration due to muscle injury, which was confirmed by increases in serum AST, CPK, and lactate dehydrogenase concentrations. Mechanical stress and muscle damage can increase the leakage of these muscle enzymes into the bloodstream (Janssen et al., 1989) .
Pretransport corticostrone concentration in our study was higher (5.4 ± 1.1 ng/mL) than that reported by Mitchell et al. (1996;  4.9 ± 2.9 ng/mL). Mitchell et al. (1996) transported their ostriches for 4.5 h, and after transportation corticosterone concentrations increased by 75%. Lèche et al. (2013) also reported a dramatic increase (40 times) in the corticosterone concentration of greater rhea (another member of the ratite family) after a 30-min transport. However, in our 18-h transport study the posttransport corticostrone concentration was higher (6.9 ± 2.1 ng/mL) but not significantly different from the pretransport hormone level. The difference between our study versus the Mitchell et al. (1996) and Lèche et al. (2013) studies could be due to the difference in the transport duration in these 3 studies and the variability in the glucocorticoid concentrations in different stages of the stressful event (Dantzer and Mormède, 1983; Mounier et al., 2006) or their circadian secretion rhythm (Möstl and Palme, 2002) . Mounier et al. (2006) indicated that corticosteroids did not show the stress level for events that occurred several hours previously.
Sodium concentration increased when livestock were held for a longer period in the pretransport holding pen. Schaefer et al. (2001) reported an increase in the sodium concentration during livestock handling and transportation because of dehydration, which increases osmolality of the blood and the plasma sodium concentrations. Gray et al. (1988) also reported an increase in sodium concentration because of water deprivation in ostriches and a return to a stable concentration after rehydration.
Although birds had access to feed and water in the pretransport holding pen, they did not drink, likely because they were kept under the novel and stressful situation. The PCV may increase during severe dehydration because of reduced plasma volume and fluid loss (Randolph et al., 2010) . Schaefer et al. (1997) also reported an increase in the PCV during handling and transport process of cattle (similar to the results of our study in ostrich transportation).
Quality of animal agriculture products is often affected by bruises and other physical damage occurring during preslaughter handling and transport (Glatz and Miao, 2008; Engelbrecht et al., 2009; Warriss, 2010a) . None of the ostriches had bruises, swollen wings/feet, or feather losses before transport. However, after transport, 16 birds had one or more of these problems (Table  7) . Other researchers have also reported bruises and injuries in livestock because of handling and transport (Schaefer et al., 1997; Northcutt, 2001; Grandin, 2010a; Warriss, 2010b) . Posttransport physical damages in ostriches were more severe (67% of the birds had one or more types of physical damage in our study) than other livestock species [e.g., bruises measured on carcasses of US-fed steers and heifers was 35.2% (Garcia et al., 2008) ].
An unexpected observation of this study was that ostriches displayed an immobile sitting behavior. Ostriches show 2 natural behavioral responses when handlers approach them: they either avoid the handlers (especially if they are not used to handling) or they may approach the handlers because of their inquisitive nature (especially when they see shiny objects such as handlers' eyeglasses; Shanawany, 1999) . Minka and Ayo (2008) reported capture myopathy (i.e., "when an ostrich fell and refused to stand on its own, even when helped") as one of the observed behaviors during handling and loading as a result of extreme exertions during restraining. Capture myopathy (or exertional rhabdomyolysis) is well documented in handling of several species of wild or extensively raised mammals and birds, and is caused by muscle tissue breakdown as a result of exertion (Chalmers and Barrett, 1977; Spraker et al., 1987; Marco et al., 2006) . Capture myopathy has been seen in ostriches under high stress handling and transport condition, and it often causes death in a few hours or within 2 wk (Wotton and Hewitt, 1999) . In our study, none of the immobile sitting birds died during handling or transport. A few weeks after transport trial, we contacted the producer who transported the ostriches and he reported that there was no mortality in the birds after transport. Moreover, the immobile sitting birds in our study had no difficulty walking and standing after sampling and during transportation. Therefore, we conclude that our observed immobile sitting behavior may not be a consequence of capture myopathy. However, the possibility that immobile sitting may cause very mild capture myopathy cannot be ruled out. Samson (1996) also reported submission social behavior and stargazing as abnormal behavior in ostriches raised in Canada. Submission behavioral response is explained as running away from an aggressive bird or falling on the ground without defending (Samson, 1996) . The immobile sitting birds in our study did not fall and were not running away; they were sitting with the neck held stiffly upright, therefore the observed behavior in our study is not a submission behavior. Behavioral stargazing also is not the behavior that we observed based on Samson's (1996) definition that "a bird will continually lift its head up and back to the extent that it eventually touches its spine." Grandin (2010b, p. 78) explained that some species "raise their head up high" as a sign of fear to search for predators. In the observed immobile sitting behavior in our study, the head of the birds was up high and their eyes were open (when we took the hood off). These could be signs of fear.
An immobilization response under threatening situation when the animal is not able to escape or fight has been termed tonic immobility (Hoagland, 1927 (Hoagland, , 1928 . When animals are incapable of escaping from predators, they will go into tonic immobility and may appear dead. This can increase the probability of survival because most predators have difficulty detecting immobilized objects (Nesse, 1999; Bracha et al., 2004; Miyatake et al., 2004) . Many domestic and wild animal species exhibit tonic immobility when they are facing severe threatening situations or are restrained (Fraser, 1960; Gehlbach, 1970; Miyatake et al., 2004; Abrams et al., 2009; Grandin, 2010b, p. 78) .
Tonic immobility has been identified as a fear response in chickens by Gallup (1978) and Jones (1987) . Cashman et al. (1989) also concluded that, in broilers, pretransport waiting time and transport duration (both) are positively correlated with the mean tonic immobility duration, and the tonic immobility response increased in the intense, prolonged, or inescapable situations. The immobile sitting behavior observed in our study could be a tonic immobility-like response because it was observed when the birds were restrained and were undergoing human handling in the sampling pen. The birds that exhibited the immobile sitting behavior in our study experienced higher pretransport handling stress, were kept in the pretransport holding pen for longer durations, and had more experience with their pen-mates being handled and then disappearing. No study has hitherto reported or described tonic immobility responses in ostriches and there are a few differences between the observed immobile sitting behavior in our study and the common tonic immobility response in chickens or quail. For example, the irresponsiveness of ostriches during the immobile sitting behavior was stronger than the reported tonic immobility response in chickens. Therefore, we called the observed behavior in our study the immobile sitting behavior or the tonic immobility-like behavioral response. Menon (2013) mentioned observing a "sitting-disinclination to move" behavior of emus (Dromaius novaehollandiae) when they were handled, but no further details were available.
Few studies to date have investigated the relationship between physiological stress responses of animals and their tonic immobility response. Only differences in the corticosterone concentrations and the H:L ratios have been investigated in birds showing tonic immobility (Beuving et al., 1989; Jones et al., 1994; Zulkifli et al., 2000; Hazard et al., 2008; Richard et al., 2008) . Most of the pretransport blood biochemistry and hematology test results in our study were within the reference ranges reported by different studies: AST concentration (Verstappen et al., 2002; Moniello et al., 2005) , ALT concentration (Van Heerden et al., 1985) , CPK concentration (Verstappen et al., 2002) , sodium concentration (Krautwald-Junghanns, 2007), PCV (Krautwald-Junghanns, 2007) , and glucose concentration (Verstappen et al., 2002) . However, pretransport H:L ratios reported by Mitchell et al. (1996) was higher than the H:L ratio measured in our study, and corticosterone concentration measured in our study was higher than that report by Mitchell et al. (1996) .
Posttransport glucose concentration of immobile sitting birds was higher than that of nonsitting birds. Preferred fuel for the central nervous system and red blood cells is glucose (Reed, 2009) . Adrenaline secretion as a physiological response to stress and exercise results in an increase in the cyclic adenosine-3′,5′-monophosphate concentration and stimulation of the glycogen phosphorylase activity to provide more local fuel source (glucose-6-phosphate) in the muscle (but the glycogen phosphorylase mechanism in liver is different and is stimulated by glucagon to control the glucose concentration in the whole body; Reed, 2009) . When the carbohydrate stores are depleted because of fasting, starvation, or maximal activity, glycogenolysis and gluconeogenesis (i.e., synthesis of new glucose in liver or kidneys) will be promoted to provide glucose for the central nervous system and red blood cells using glucogenic amino acids, oxaloacetate, glycerol, and lactate (Reed, 2009) . These would likely be the causes for glucose concentrations increase after the handling and transport process, especially in the immobile sitting birds.
The H:L ratios increased (as a result of increased number of heterophils and decreased number of lymphocytes) in both immobile sitting and nonsitting birds alike after transport probably because H:L ratio is an indicator of chronic stress response in chickens (Gross and Siegel, 1983) . Potential challenges should be considered while using H:L ratio as the stress indicator (Davis et al., 2008) . There have been different reports regarding changes in the H:L ratio when also considering the tonic immobility response of animals [e.g., Jones (1989) with Brown Leghorn pullets; Zulkifli et al. (2000) with market-age broiler chickens].
Corticosterone concentrations did not differ between the ostriches that showed immobile sitting and those that did not. Our result is consistent with that reported by Jones et al. (1994) and Richard et al. (2008) who found no significant differences in the corticosterone concentrations of Japanese quail (Coturnix japonica) selected for short and long tonic immobility response and the control group. Also, Gudev et al. (2011) reported that the tonic immobility duration in chickens was not correlated to the corticosterone concentrations during catching and crating.
In conclusion, based on the dramatic increases in the concentrations of CK, AST, and ALT enzymes and more physical damages after transport, we can conclude that, with the current industry handling practices, transportation results in high losses and muscle damage in ostriches and thus compromises their welfare and the quality of their products. There is a need for the development of Codes of Practice specifically for the transportation of ratites in Canada because their transportation problems are not the same as those of other livestock and poultry species.
Higher posttransport plasma AST, ALT, CPK, and glucose concentrations of immobile sitting birds compared with nonsitting birds are likely due to the higher stress levels that immobile sitting birds experienced during the pretransport handling process. They likely had earlier depletions of energy stores that resulted in problems in the muscle cell membrane integrity and higher energy demands to maintain postural stability during the transport process, resulting in more muscle injuries, more physical damages and poor welfare (Janssen et al., 1989; Warriss et al., 1994; Mitchell, 1999; Schaefer et al., 2001; Nathwani et al., 2005) . Overall, immobile sitting birds were probably weaker, lost their balance more easily, and were less resistant to external forces (i.e., pressures from the other birds and trailer motions) and may have very mild capture myopathy. Mixing highly stressed (e.g., immobile sitting birds) with less stressed birds in the same compartment would result in higher rates of physical damage to these stressed birds.
Because of its correlation with physiological stress indicators, immobile sitting behavior could be considered a behavioral fear indicator in ostriches. This behavior could be used to identify frightened birds during handling practices. Producers should closely monitor birds that show immobile sitting behavior during the preloading handling stage and should not mix these birds with stronger birds during loading and transport to minimize loses.
